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Magnetorheological elastomer (MRE) is a class of smart materials that mainly generate a magnetic field 
dependent variable stiffness. MREs have attracted significant interest for application in the field of 
intelligent devices, such as vibration absorbers and isolators. In this research, a novel variable stiffness 
vibration isolator that uses MREs accompanied with semiactive vibration controller was developed. Firstly, 
the dynamic viscoelastic characteristics of MRE was clarified. The MRE properties are strongly nonlinear 
functions of magnetic flux density, displacement amplitude, and the excitation frequency. The dynamic 
viscoelastic model of the MRE-based isolator was presented, and a procedure to determine the six model 
parameters was introduced. Secondly, a fuzzy semi-active control algorithm was used to enhance 
performance of the MRE-based isolator in a structure under seismic excitation. Both numerical simulation 
and experimental results showed that the fuzzy semi-active controller overcame the drawbacks of traditional 
semi-active controller. Furthermore, a robust adaptive controller was proposed for the semi-active isolator 
to suppress structural responses with uncertain parameters. The proposed controller requires lesser control 
force than the standard adaptive controller, avoids the singularity problem, and provides robust stability. 
The controller worked remarkably better than the fuzzy controller in protecting a two-story shear building 
during seismic events.
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      Chapter 1&2 Background of Magnetorheological elastomer 
Magnetorheological elastomer (MRE) is a class of smart materials that mainly generate a magnetic 
field dependent variable stiffness. MREs are the solid analogues [1] to MRFs composed of iron particles 
embedded in a low permeability carrier matrix (usually rubber). Because of variable stiffness, MRE devices 
can efficiently alter natural frequencies. Consequently, researchers have given interest to the application of 
MREs to intelligent devices in vibration control system design, such as vibration absorbers and isolators [2, 
3]. MR elastomer (MRE) was first proposed by Jolly et al. in 1996 [4]. In recent years, several researches 
have been reported regarding improvement and investigation of the mechanical properties of MRE [6-11]. 
In order to improve the properties of the MRE, many researches have focused on component materials, 
fabrication processes and optimal magnetic systems. The properties of MRE are clarified in [11-14, 19]. 
The properties are nonlinear and dependent on frequency of excitation, amplitude excitation, and magnetic 
field.  
Vibration isolation is to prevent vibration energy transmission from one part to another by installing 
vibration isolator between them. MRE-based isolator has been intensively studied and several designs have 
been reported. An MRE-based isolator is a smart device that has the ability to govern the transmissibility 
by adjusting its properties such as stiffness and damping [15-18]. In order to design MRE-based isolator 
systems for various technical applications, a numerical model is necessary to represent dynamic behaviors 
of MRE. Because of the nonlinear properties, modeling of the MRE properties is a substantial challenge, 
particularly in vibration control technology. Recently, MRE modeling has been considered in two 
approaches: micro model and macro model. In the microscopic modeling, the change of chains of iron 
particles under the change of magnetic field strength were considered [20, 21].  The macroscopic modeling 
is based on stress–strain (or force–displacement) relationship of MREs in different levels of amplitudes, 
frequencies, and magnetic fields. There are many models of MRE such as four-parameter viscoelastic 
model [22], the Maxwell model combined with Ramber-Osgood model [23], the Bouc-Wen model [24], 
and modified Kelvin–Voigt model [25]. 
The MRE-based isolator is one of the semi-active devices that require an efficient controller. Because 
of nonlinearity in the model, not many control algorithms exist that could effectively operate MRE devices. 
The following semi-active control algorithms are usually used in recent years. The on-off skyhook 
algorithm [26, 27] has been extensively used in MRE devices. The Lyapunov control algorithm [17] 
determines the control voltage to minimize the derivative of the Lyapunov function. The Bang–Bang 
controller [29] is introduced to dissipate energy in the structure. The semi-active fuzzy control algorithm 
[19, 30, 31] can generate a continuous control output.  These controllers may exhibit unsatisfactory isolation 
performance, and even cause instability. To overcome these drawbacks, the design of a robust controller 
for the nonlinear dynamic system is necessary. 
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Chapter 3 Properties and Modelling of MRE-based isolator 
In this chapter, the viscoelastic characteristics of MREs in shear mode are first clarified systematically 
in order to achieve a mathematical basis for the model development. Then, a numerical model that expresses 
viscoelastic behaviors of the MRE is proposed. The model consists of the following components: 
viscoelasticity of host MRE , magnetic field-induced property, nominal viscosity in conjunction with high 
stiffness property in low excitation frequency that are modeled in analogy with a standard linear solid model 
(Zener model), a stiffness variable spring, and a smooth Coulomb friction, respectively. 
 
 
               










Figure 3.3 Procedure to determine the model parameters in MRE modeling, 
 
Table 3.1 Parameter for the proposed MRE model 
Stiffness (K1)  13 Nmm-1 
Stiffness (K2)  10 Nmm-1 
Viscous damping (C) 0.035 Nsm-1 
Friction displacement (x2 ) 0.09 mm 
Maximum friction force (Ff max) 𝐹𝑓 𝑚𝑎𝑥 = −0.24𝐼
2 + 2.75𝐼 + 2.4   
Variable stiffness (Km) 𝐾𝑚 = −0.38𝐼
2 + 4.25𝐼 
Applied current (I) 𝐼 ∈ [0,6] Ampere 
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The measurement setup is shown in Figure 3.1. The parameters are determined according to the 
following procedure, from step 1 to step 3, as shown in Figure 3.3. The model parameter values and the 
approximation formulae were identified as listed in Table 3.1. The effectiveness of the proposed model is shown 
in Figures 3.4-3.6. 
                 
Figure 3.4 Stiffness and loss factor versus excitation frequency  𝑥0 = 0.75 mm:          
              
Figure 3.5 Stiffness and loss factor versus  excitation amplitude 𝑓 = 15 Hz. 
                 
Figure 3.6 Stiffness and loss factor versus applied current with 𝑥0 = 0.75 mm. 
The proposed model predicts with high accuracy the dynamic viscoelastic characteristics of MRE in a 
wide range of frequencies (3–30 Hz) and shear strain (4%–16%). 
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Chapter 4 Semi-active fuzzy control of 1-DOF system using magnetorheological elastomers 
The MRE-based isolator is one of the semi-active devices that require an efficient controller. Because 
of nonlinearity in the model, not many control algorithms exist that could effectively operate MRE devices. 
The on-off algorithms are widely used include sky-hook on-off algorithm, clipped-optimal algorithm, 
Lyapunov algorithm, a sub-optimal H-∞ strategy [26-30]. In these algorithms, the command applied 
current has only two options: either zero or the maximum value. Consequently, fast switching produces 
periodical acceleration and jerk peaks that result in negative effects on the quality of structures. 
  
Figure 4.1 Base-excited 1-DOF system                     Figure 4.2 Block diagram of fuzzy logic controller 
 
 
Figure 4.3 Fuzzy logic membership functions. 
As shown in Figure 4.2, the controller consists of three basic parts: fuzzification, fuzzy inference, and 
de-fuzzification. Relative displacement (𝑥𝑟) and velocity (?̇?) were defined as the controller inputs and were 
divided into two intervals of linguistic variables: negative (Neg) and positive (Pos). As the control output, 
tunable stiffness (k*) was divided into high stiffness (High) and low stiffness (Low). The membership 
functions is depicted in Figure 4.3. Fuzzy rules play an important role in a fuzzy control system and they 
are listed in Table 4.1. 
System responses using passive, on-off semi-active, and fuzzy semi-active control schemes were 
calculated in order to evaluate the performance of the proposed controller. The model parameters are listed 
in Table 4.1. Fig. 4.4, 4.5 show that the semi-active fuzzy control provided better performance than its 
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counterparts. By using fuzzy controller, the reduction rates were 31% and 34% for the RMS and maximum 
displacement values, respectively. The acceleration RMS and maximum acceleration values also decreased 
in the case of the fuzzy semi-active control by 21% and 37%, respectively 
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Center of gravity 
 
Table 4.2 Parameters used in simulation. 
Damping coefficient 1 Nsm-1 
Mass 1.138 kg 
Spring constant (minimum, k0) 974.5 Nm-1 
Spring constant (maximum, kmax) 1948.9 Nm-1 
Base excitation amplitude 2 mm 
 
 
Figure 4.4 Frequency response for 1-DOF system (simulation). 
 
Figure 4.5 Displacement response by random excitation: (a) the passive (𝑘∗ = 𝑘0 , (b) the passive (𝑘
∗ =
𝑘𝑚𝑎𝑥), (c) the on-off semi-active control, and (d) the fuzzy semi-active control. 
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Chapter 5 Semi-active fuzzy control of multi-degree-of-freedom structure using MREs 
A semi-active fuzzy controller was designed to enhance the performance of the isolator in suppressing multi-
degree-of-freedom structural vibrations (Fig. 5.1). The control strategy was built to determine the command 
applied current. The efficiency of the MRE-based isolator was evaluated by the responses of the scaled building 
under seismic excitation (Fig. 5.2). Experimental results show that the isolator accompanied with a fuzzy 
controller remarkably reduces the relative displacement and absolute acceleration of the scaled building 
compared to passive-off and passive-on cases. The maximum relative displacement between third mass and 
fundament plate also decreases by 30%, absolute acceleration are reduced by 15% and 24% (Fig. 5.3). 
 
 
Figure 5.1 Schematic of the two-story building 
with a fundament plate is rigidly connected by an 
MRE-based isolator. 
Figure 5.2 Experimental setup 
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Chapter 6 Robust adaptive controller for semi-active control of uncertain structures using 
an MRE-based isolator 
In this chapter, the design of the new semi-active controller for an MRE-based isolator is investigated 
to overcome the drawbacks of traditional controllers from two perspectives. Firstly, an inverse model is 
designed for the isolator so that it can be used to predict an appropriate electric current supplied to the 
electromagnet based on the desired control force. Secondly, a robust adaptive controller is proposed for a 
nonlinear system with unknown dynamic parameters. The control scheme consists of three parts: a standard 
adaptive linearizing controller, an adaptive sliding mode controller, and a single robust controller. The 
proposed method guarantees zero convergence of the displacement response and provides robust stability. 
In addition, the singularity problem that usually appears in standard adaptive control is eliminated.  
The inverse model is necessary to describe the relationship between the desired force and the 
corresponding applied current/voltage [33, 34]. In this study, the inverse dynamics model for the MRE-















Fig. 6.2 Diagram of closed-loop control system 
The objective of the controller design is to develop a control algorithm for the isolator having structural 
uncertainties in mass, damping, and stiffness, under the unknown earthquake excitation, such that the 
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using an MRE-based isolator 
relative displacements are stabilized at zero. The closed-loop system is described in Fig. 6.2 The system 
consists of an isolated building and a control system. The inputs to the isolated building are the ground 
motion acceleration, 𝑥 𝑔, and the applied current to the isolator. Floor displacement responses,[𝑥, ?̇?], are the 
outputs of the isolated building. This responses are the inputs of control system. In the control system, the 
dynamic parameters are assumed unknown. The robust adaptive controller is then proposed for uncertain 
dynamic to alleviate the drawbacks of standard adaptive control. The adaptive algorithm update the 
uncertain parameters to gain the actual parameters.  The control scheme consists of three parts: a standard 
adaptive nonlinear controller 𝐹𝑎, an adaptive sliding mode controller 𝐹𝑠, and a single robust controller 𝐹𝑟. 
By using the switching algorithm between the standard adaptive controller and the sliding mode controller, 
the proposed controller gains better stability with lesser control force compared to the case where single 
controllers are used independently. The control force is limited within the controllable range of the isolator. 
The inverse model is then employed to obtain the applied current. Finally, the MRE-based isolator exerts 
an actual force on the two-story building. The proposed controller works remarkably better than the fuzzy 
controller as shown in Fig. 6.3. 
A robust adaptive controller was then proposed for the semi-active isolator to reduce seismic vibration. 
The robust adaptive controller suppressed significantly structural responses with uncertain parameters. The 
proposed controller overcomes the drawbacks of the conventional semi-active controller, avoids the 
singularity problem, and provides robust stability. 
 
 
Figure 6.3 The relative displacement and acceleration of the second floor under the El Centro earthquake. 
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Chapter 7. Conclusion  
This research was aimed at investigating a MRE-based isolator in the field of modeling and vibration 
control by a proposed dynamic model and innovative semi-active controllers. The major achievements of 
this study are summarized as follows: 
 The dynamic viscoelastic characteristic of MRE-based isolator was presented. The MRE properties 
are strongly nonlinear functions of magnetic flux density, displacement amplitude, and the 
excitation frequency. 
 The dynamic viscoelastic model of the MRE-based isolator was presented, and a procedure to 
determine the six model parameters was introduced. The force-displacement relationship obtained 
by the numerical model is nearly consistent with the measurement results. Moreover, the proposed 
model predicts with high accuracy the dynamic viscoelastic characteristics of MRE in a wide range 
of frequencies (3–30 Hz) and shear strain (4%–16%). 
 A fuzzy control algorithm was used to enhance performance of the MRE-based isolator in a 
structure under seismic excitation. Both numerical simulation and experimental results show that 
the “fuzzy semi-active control” provides better performance than the rest of the passive cases, 
“fixed base,” “passive off,” and “passive on.” The peaks of the third mass displacement and 
absolute acceleration are reduced by 15% and 24%, respectively. The maximum relative 
displacement between third mass and fundament plate also decreases by 30%. The MRE-based 
isolator used in conjunction with the fuzzy controller is efficient for mitigating vibrations in a two 
story building. 
 The results showed that the fuzzy semi-active controller overcomes the drawback of traditional 
semi-active control in reducing chattering. 
 The inverse model of an MRE-based isolator was derived. A good agreement is obtained between 
the predicted and measured electric currents to be supplied to a magnetic coil. This result proves 
that the inverse model works effectively. 
 A robust adaptive controller was proposed for the semi-active isolator to reduce seismic vibration. 
The controller suppressed significantly structural responses with uncertain parameters. 
Furthermore, the proposed controller requires lesser control force than the standard adaptive 
controller. The proposed controller overcomes the drawbacks of the conventional semi-active controller, 
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